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(54) INTEGRAL FLUID NOZZLE ASSEMBLY UTILIZING SINGLE CRYSTAL SILICON WAFER AND ITS FABRICATION METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an integral fluid nozzle assembly utilizing a 
single crystal silicon wafer and its fabrication method. 

SOLUTION: This integral micro-fluid nozzle assembly utilizing the (100) orientation 
single crystal silicon wafer is formed in one body without any shift with the use of 
the one wafer by simplifying an existing complicate structure in which many wafers 
and sheets are used and stacked, and therefore can be mass produced. Moreover, 
the number of wafers can be reduced by fabricating the nozzle assembly in an 
automatic batch alignment process utilizing anisotropic etching with the use of the 
crystal face of the wafer, an appropriate mask formation process utilizing a ^ 
LOCOS process, etc. In other words, not only an alignment error of the wafers can 
be reduced to a few micrometers or smaller by applying general silicon 
photolithography, but also the method is not complicate, is economically superior <. 
and bas a good yield. 
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2 1 l"*JBJBS-rS.. C<Dggpgl52 1 1«. HI 

H 1, 2 S KtR 3 ft/cSfeKSU* 5 (, Hi ^ * > * Jl/SP £ & & 

S^6S2 2 2. 22 3x^>yffi7X^iUt^ 

[0 03 7]#COC % HI 2CtC^Stifc«fc5«C, fR2~? 
X^2 124Iftf C0Ol27X^2 12tl HI 
2 Q<Dm 1 gt£W2 2 2 <£>x y ? > ^B#tC^X ^6®S« 
*Jt*4WftBfte»r, HI 2 0CD^X;Uvx^2 2 1 

MSB2 2 3<DS-<y*yV<Dtc&lcm%m : £t2>m* RS£ 50 
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gte-fv >yv**2 2 i<o®i»^+»cca^r, h 

1 2 ScDX?i-eyXJU-7X^2 2 lft»&*vX*<DS:B 

[0038] &tC 4 H 1 2 DCCTRSnfccfc^tC. 
X^2'l-3*«n7tK 1-2 7X^2 10, 2 1 

2fs<D*v*>?mmt*m#>x-fc&^t&&s com 3 

7X^2 1 3<D^£-x>yxfl#^^&£#. "7^ 
hU^ht!37X^2 1 3*JB«"rSCtCCj:0x 

* > yaintbw* < tt & . y &c*f jc-r * ? ^ - 

^xv^>^Xfl<D/c«)«:HPr4««2 16 (HI 2 
H#JH) 1 ai^2 2 2 <H 1 2 Q#J&) tcstjsr 

£fp&as&3^x*2 i 3 zxmrzjimx'*- 3 

ft<5>„ . 

[0 0 3 9 ] #CK1, H 1 2 EfC^$n/c<t^ tC, ^3 v 
**2 1 3C[)raP3n/c^iSCCj:oTSm3n/c^2v 

1 2©ai»*i»*-r "sift*. mnm2vx? 

2 1 2Q»*ratffl3ns»iT^^2 io^st 
*. 

[0 0 40] ;XCC, 13 7^^2 1 3 Ctl 
Kl^O/Hl^ FCC^^n/ci^OC, S«2 0 0<D_LSP 

[004 1] ^CC, H 1 2 Gte^Sft/cJ: 5 "«:. ff£4 v 
X*2 1 4«r*BWiC«»'«-4. 

[0 0 42] 1*14^X^2 1411 HI 2 0O>X;Uv 
X^221 Cf^flg-CL O.C O StCj:2>mtM<Df&& 
.^jBCittS*^OT*»-r*. ktC, il2H^ 
3hfcJ:^«: % H4 7X^ 2 1 4±(CP3PSB2 1 6 0i 
RSO/c2&«)^5 vx^^"^->2 1 5 4Mt5 fl ^ 
CC. HI 2 I (C^Snfccfc^jC, ^57X^^?-^2 

1 5*flj<,>T»4-7X#2 1 4*x^^>y-TSC<i:tC 

XIICD/c^cDP3PSP2 1 6 'R^47X^;^->2 

[0 04 3] *(C k |12 J CC^^n/cct^tC. BflPSP 

2 1 6 •4iiD-cy>^-»iS2 1 7 (Dffi&CDtctiXD? 

0. Hi 2M©*>^ : -OJSffl±ec»fiSSnft:^^^* 
»St4Iit*47^^2 1 4 '(3S)*«B»*Si » ^> 

[0044] ^OC, H 1 2 KCC^3ti/cJ: ^ tc. W&<0 
jMOtt&icy * hu^x hJ: 0^:6^5 7X^;^- 
>2 1 5*^*r5o 

[0 045] -XtC, H 1 2 LCCTSStlfccfc 5 &C, 
^«i®<bffJliScDffScD/ci*cDSSJi2 18. 218'0 

fiMzMzw-r.' h 1 2 l^; eisR^JR^ ^x ^/>^ 

->2 1 4 , iiaG4»H'CJ^«c3nfc«<Dli^r*o 

S47x^/^->2 i 4 '^SfbK-c*nn « 

RR2 1 8 t OT»t«*»«6fc»**5*T. H 1 2 
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La.immm&n4:-?z2^z~->2 1 4 

2 l 4 WKUirthit. 13SR2 i 8 -BMOtfUlr 
[0 046 I #Cte*-B l-2-MCc5K.3.*ifeJ:.5-tC, -flHS-ffi 

si2 1 8 w^sstt?ax^>^m^ 

»4^X*/**->2 1 4 '<h(IJ|gffiSSi2 1 8 tcom 

[0 047]^, HI 2NK5Si*ftfc«fc5K:. RDV 
2 1 9MDtltli$Wc'>^>Ii2 0 0£&5£x 

ctitt, (ioo) ^ya^t&srocatL, 

[0 048 ] ^cCCv Bl 2 0CC7nShfc±5CC, ^X;l/ 
7X^->2 1 4 '5:tf<S§]gl 2 8 '#SfbH<D*B 

# v iMifbffirLocost»ttr*. cwt e«w> 
^xztirxoy&mttz* 

[0 049] #&c. 0 1 2 PKT^SftfcJ: 5 &C V Ig4 v 
X5"**->2 1 4 '^oB^fifyCX v ?>&LX%£3k'? 
h C tic J: D , 1 S^g(5 2 2 2 <DJfcfiE<D/t 

^2 1.4 > £y>^-ome<osm2 1 8*ssft«r 

&tl& »4^**/> # *->2 1 4'{C>FtbX?gS:x^ 
^>y*ff9Ci*s(f*L<, $47X^;^->2 1 
4 'tfSMMtr**. y>/^-(D«!tt«KBl2 1 8 
KftRr*ti«. W4.^*/^*->2 1 4 "WffljSx 

[0 05 0] #CCC, HI 2QCC5*Sft;fcJ:5K:* 

*^KS*ircSf¥4^**2 i4"^r^'j3>ss 

2 0 0*x^^>^-rsciccj:0 % 1glg:M952 2 2 

[0 05 1 ]*iC» il 2 R&CTn^tifcJ: 0 <K<&X 

2 1 4*«ilTil 7X^2 1 o^mitiz 

[0 05 2 ]:fclC, HI 2S{C7SStifc±5tC. St£<D 
±HI«:BiBStifc»l ^^2 1 0*ffli>r2/'Ja>a 
«*x^^>^LT*2SMSB2 2 3 t*asr«iRWF 

Kansas 2 2 2cfcD£>-Ji?3t<T&c 

[005 3] Jfcfc. -/X^»fflP©»J«^X>Ur-b>^ 

1 2Taftl\0Hl 2 YaCDIgtt^n^tiBIl 2T& 

flU ^W5SL M2, 147X^2 1 0. 2 1 
2, 2 1 4'W*l^Tft<>l»4L,fcaccW6^^*ag 
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[0 05 4]^C, H 1 2 TCC^Sn/ci^ftC, ^XjU 
RffiS©m*«:?i*|£-r5SfiCDWffiO»l . ^2, ^4 
7^^2 10, 2 12, 2 1 4"K>'X;l>j*HiP(&Jgj£ 
ffiP^PSP 2-2-5 .(WKlS(D.te*<D^ *_h U*ZX. LTX^Ji 
t>->2 2 4*Jf^-T5o HI 2NCC7S3n/cXg-CJg 
^Sti/c>'X;URitgp2 2 OOTmttHft'* 

>K-<DT®E>I§P3P2 1 9 (HI 2M4#.B) 
10 -WfctfcfttfH 1 2 J<D#y^~-<Dfcf$ t <Dtc&<D : F : 4 -r? 
x v ^> ^Xg-CJKRKSn?cy>^"-©gg3 C£<£ ott 

4CDSPSP22 5©**3ROT&tfc&ifc5£S*U 
fccfc^&C. buIB?* h l/^Fv^^;^->2 243: 

mmLxmfc<Dim<D&i . ^2. ^47x^210, 

2 12.2 1 4CCyX;U»ano»«fflHP»2 2 5 ■ 
20 ^KtSo 

[0 055] H 1 2 V(c^^n/cJ: 5 tc, fu£>X 
fItM£bft/e:7 * h U^X H7X^a^->22 4?:J 

[0056]», HI 2WCCm3*ifcJ:5Jc % ^X;U 
7X^22Ux^ >^{?±»i LXm^Xzs 'J3> 
g«£f£3;x * * > y Or ^ X>H£lHP 2 2 8 

[0057]^, HI 2Xte7*Sft?cJ:5K:* 
X;UgffflP2 2 8OHffi0ci^7KttaS^S^-r^o ttttfi 

[0 05 8]»c, H 1 2 Y(C7ft3ftft:J:5.K: k /X;b 
7X^221 <7>1E£SP#£I&* IT -/ X-M/gfffiP 2 3 0 

P<Dg£Ktt^T@&-ri*j— ftfl*»SciOT*S. 
yX^ffflg[52 3 0*S^fiESn/cyXJl/Ti2>^y 
40 #H 1 3 B*C*S*i"Ct»5, 

[0 0 5 9] — fu^O/ci^CC, HI 2Ta&t»L 
HI 2YaK:*S*lfc^XJl«lBP©»RWffi©ffiO^ 

[ 0 0 6 0 ] H 1 2Tatlt Stg2 0 OCD^MCC^^ 
T^^-TCO^X^, ttsitt. Ml. »2. I47X 
^2 10, 2 12, 2 14'^x-^>^UrOfn4> 

[0 0 6 1 ] HI 2UaCC^:$n/cJ: ; 5CC, HI 

2 W a CD y X;UgfflPO^JSX!i"Cx ^ > ^ff ±H i 
so urffi*3ti5^6-7X^2 2 6*^»U/c». MraS^I 
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zmcxcoy* bv v^7 7^ii?:!fo. StK©W® 

j#tfiP©Jf5J&©fc&©BfIP3l52 2 5"ZBf&TZ>. 

[0-06 2-] 112 Va Kf ^fci^KrvX 
;Ugfajn©Jf;fSc©fc#>©g8Pgi52 2 5 "Kim? * M- 
%>X >-7X^A£->2 2 7 Srtnt, HOISTS. 

[q06 3]*K. il2WaK^nfc<t?K. |fT6 

&&ztza,x-??->ifLX¥ffisX)i>mmn2 2 8*b io 

[0 064] II 2XaCC7S$n/cJ:^K:. ^ffi 

^x^sftbn2 2 8cDSffi«:i^*t4^ffiMa*i-s. n 

[0 06 5] 'JKK. 01 2YatC^n/cJ:?(C, ^6 
•?XZ>2 2 BO^XJl/R^gPiDlIigp^^U-C^X 

;ugFfflP2 3 onsets. c^-rn«. Bs*i4©st® 

3n/c«4!«5*>X;I/gi5(Dai$^(«i]tC v 'tcV<D 20 
)S S ft S > XjugmiP©g $ witb^-cssa&T i^-Srfil*: 

[0 06 6] JJUlO^MC. 01 1 Afct,>L01 1 IS 
O'0 1 2 A&t,>b0 1 2 StC^Sft/cXfite (10 0) 

®~> y 3 * -;<>£p,>-t 1 y x;i>& i ife© 

t\ ~^©H#^A&lg^$3C££^l,-a»£. c 

ct£g>tm<omm>>zBi8.-Tz>tcit)t l c. saw>HT 30 

©^g-7**«:ffl(,»*i« t £H-. 3&H 5 * a >©I£M£ 

ikXZZ. LOCOS^Kl^ ^XU©Btt£#trfgii 
[0 06 7] 

[^©SSlfl] BtfKliUfccfc ^tC. ^BJJICfcS < 1 0 

o ) mm&iki' ') 3 > v * uc-m? w * 

J£ll®£flJffi L- fcg^tti v ^ > yi^RO' LOCOS 
x y X;u© A* 3 £ -9- :/ 5. 5 a > fe[T©<£M-c* tt 6 
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[ Bisa iar*& kiii ] 

[ill (A) a£*©-f>*5** -j b~*-? b-msX^T 
■te>7V®ffi&$:ijkL,tdlgiWmx$>2>. (B) (A)© 

[021- (-A-)-5-er«:ffe©«£3R©vXJUT-fe>X >J©ftj- 
BS^*iSLfciBWKa8H'C*or. IS1 ©&P§£^U 
ft: 4> ©-£*.£. (B) (A) ©^©apg*^bfc8tBS»r 
ffi0-C*S„ (C) (B) ©^©SHft^OfctlBKffi 
0"C*5. ( D ) ( C ) ©&©&IE£inbfcttfflS»r®0 
(E) Bf$.ZtitcsZ)l'T-1z>7V<Dnm¥-ffi 
mxb*>. <F) ©jaSftfc^X^Tte^yoiBWBr 
®0-C*^o 

[03] fie*©-7^^ayX;l-T-b>7' , ;©Jf5fi£*a : Sr 
g4WrS0BSBrffi0-C*€>. 

[04] &3^v^ayXJi/7fe>Xy©ffe©Jft3Gj 
?££MBj-f S8tBSBff®0-e;fc 

[05] (A) fi£*©-7-f *nyX.il>T-te>:/l>©ffe© 
M*S4^t5It-*5. (B) (A) ©X©©P§ 

?:^i/)fe0®r*4. (o (B) ©^©aRf*s?^te 
0®-c$>&,, 

[06] (A) 't£*©^'J:3WXU7-fe>:/y©JfJ|£ 

ffiX&Z. (B) (A) ©*©©»** LfcH"C*S. 
[07] (A) ^©^';n>^Xt-T-fe>Xy©ffJfiS 

j&tt©9 % ✓ x^©f:»a«: j xfcZBfgtrzjmi: 

Si^-rS0®-C*-S. (B) (A).©^©afg?:?nLfc 
0-C*S. (C) (B> ©^©©Pl«:^Lfc0-C*S. 

(D) (C) ©&©KRf*iSbfcia-C**. 

[08] (A) "J ^ >8tS^J* a a 9 ® L//C0 

ffi-c*s. ( b ) y n >*s*s':frtsfea5£x 

(b) <bmmimx&>h. 

[093 &jx.s.y?->?xm*t&wr2>mmx&z. 

[010] (A) ^i5t&&©yX;UTi2>7'J£^l,ft: 
»ffi©»[I^W®0t?*S < , (B) ^©^©y'X^r-fe 
U 4 * IfeSSOBKKiB-Cfti. (C) P®m 

iso^x;i7-fe> x <) oBjsf^om&mi^mt sfc* 

©Br*.*. (D) &&d&.<bsX)\,T*.^-7>)<DBlS. 

i^w»s*Kw-rite«e>©H-c*4. (e)^ssm 
^ <«w f ^>i/-rs^ffi*iftB^-r4fcj5©affi©8« 

Bg^®0T , *S. (F) (E) ©^©gfg*inl/fcetBS 
KII?*S. (G) (F> ©#©&re£^L-/dSE!fc»r 
®0-C*5. (H) (G) ©k©gK%7n.l/fcftBSBfffi 
( I ) (H) ©»©SH*^^&«»8Kffiia 
r^>5. ( J ) ( I ) ©*©RB*^bfc«WWrffiBI"C 
(K) (J'JO^OlftiStfclBtilHt* 

[011] (A) ^WKiAy'X^aD'yVA-AfW 
*«itte (10 0) ®#.fe e a -> y 3 > x - ^4 L- 



15 

td$L#sx>\>T -fe > -fv © nzmmxmc ja zmttfr 
%mmTz>mmm®-chz>* (B) <a) oxotm 
%mi>icwmmm-c&z>. (c) cb> ©^©laBfc 

TSU/ctfBgKM^-C*^. (D) (C) <D'£.<Dffl£*im 
LtcWV&8iWm-e$>Z. J D a ) ( D ) icfe^-CKAlg _ 
gM©i§£©fPg|&r®0-C&£„ (E) (D)©^©S 
B£^n Ofc«St£j&0T-£> ( F ) ( E ) ©#©&B 
blcWB&msm^&Z. ( G ) ( F ) <D-Xom% £ 

KLtcnmmfcm-b&z. <h> <g> ©*©8w*.5* 

[012] (A) *mm&Z>sX)l>t#>><-K.Z?%> 
&Kt©«ES&£fit;tfc (10 0) SVISA^U al/flx- 

»zmm otcm&sXfrT > ^ v © swjs^jisk: j: 

(B) (A) ©&©gM*wUfcSWH^ia-C**. 

(C) (B> ©&©gW*wL»fc*W*J$Erc*£. 

(D) (C> ©ac©a»**LfcW6««H-C**. 

(E) (D) ©^©a«*5%0«:jBW«fiEia-C*S. 

( f > (e > ©yc©a»*wi/fc«w«RSia'c* s. 

(G) (F) ©*©S«t5%l/fc«BS««B|-C*«. 

(h> (g> ©&©8tt*wofc«wi*sia-c*s. 
(i ) (H) ©yc©RB*5%iyfciBW«ffiia-c**. 

(J ) ( 1 ) ©*©S»*S%l/fc««S«SSH'C*«. 
(K) (J) ©^OgWimUfcaWflUfflS-C**. 
(L) (K) ©^©a»*mL.fc«|6«JSRia-C*S. 

(La) (D wsm&m*-?*****-^ 

2 1 4' 4»&4»*©»£©*B«J5SH-C**. 

(m) (L) ©^©aw**b«i«BW*isiaT*s. 

(N) (M) ©^©a»S**L/fti«WS«WEH"C*S. 
(O) (N) ©^©aBi^L-fctWUteRH-C**. 

(p) (o) ©;x©mB5r^oycOT«es;0-c&5. 
(q) (p) ©ix©aB*mi/tefBS««ia'c*a. 
(r) (p) ©^©anf*^LfcWSflwsia , c*s. 

(S) (R) ©%©RR«90fcflm£H-CftS. 
(T) (S) ©^©gW**0fc«W«fiSH"C*5. 
(Ta) (T) ©SSeW«rwO&«H6««iat?*5. 
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K (W) (V) ©^©SB*^Ofc«EBS«fiScEIt , *S. 
(Wa) (W) oyg&tmZfr. L- fcgMSfltl£0-e£> 3. 

(x) (w) ©&©g»*^i/fc«*«taSH"c*s. 

(Xa) (X) ©St»«*inLrfcWS«RSH'C*5. 
( Y ) ( X ) <D'X<D$mZm L- fc«lBS«fiS0-CS> 
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